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AN IMPLANT AND A METHOD FOR TREATING AN IMPLANT SURFACE 
Field of the Invention 

Tlie invention relates to an implant for implantation into bone tissue, and to a metliod 
for treating an implant surface intended for implantation into bone tissue to impiDve the 
biocorapatibility of an implajit comprising said surface. 

Backoround of the Invention 

A one-stage procedure is nowadays, in most cases, used for implanting ortliopaedic or 
dental implants, generally metallic implants, into bone tissue. 

In the one-stage procedure, a first implant part, such as a dental fixture, is surgically 
placed into the bone tissue, and a healing cap or a secondary implant part, such as an 
abutment, is then attached to the first implant part directly after the surgical operation. The 
soft tissue is thcrcafier allowed to heal around the healing cap or the secondary implant part. 
When a healing cap is used, die cap is removed after a few weeks or months without any 
surgical procedure, and secondary implant parts, such as an abutment and a provisional 
crown, are attached to die first implant part. The one-stago procedure is for instance described 
in L Cooper et al: "A multicenter 12-monlh evaluation of single-tooth implants restored 3 
weeks after 1-stage surgery". The International Journal of Oral & Maxillofacial Implants, Vol 
16, No 2 (2001). 

The two-stage procedure, which in some dental cases still might be necessjuy to use, 
2 0 involves in a first stage surgically placing a first implant part, such as a dental fixture, into the 
bone tissue, where it is dien allowed to rest unloaded and immobile for a healing period of 
three months or more in order to allow the bone tissue to grow onto the implant surface to 
permit die implant to be well attached to the bone tissue, the gut in the soft tissue covering the 
implant site being allowed to heal over the implant, and in a second stage opening the soft 
2 5 tissue covering the implant and attaching secondary implant parts, sucli as a dental abutment 
and/or a restoration tooth, to the first implant part, such as said fixture, forming the final 
implant structure. This procedure is for instance described by Branemark et al: 
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"Osseointegrated Implants in tlie Treatment of the Edentulous Jaw, Experience from a 10-year 
period", Almquist &. Wiksell International, Stockholm, Sweden. 

However, tiie fact that the implant should not be loaded during the healing period 
means that the secondary implant parts may not be attached to the first implant part and/or 
5 tised during the healing period of tliree montlis or more. In view of the discomfort associated 
with this, it is desirable to minimize the time period necessary for the above-mentioned first 
stage or even perform the entire implantation procedure in a single operation, i.e. to use the 
one-stage procedure. 

For some patients, it migin be considered better to wait at least three months before 
XO functionally loading the implant, both for one- and two-stage procedures. However, an 
alternative using the one-stage procedure is to put the implant in function directly after 
implantation (immediate loading) or a few weeks after implantation (early loading). These 
procedures are, for instance, described by D M Esposito, pp 836-837, in Titanium in 
Medicine, Material Science. Surface Science, Engineering. Biological Responses and Medical 
1 5 Application, Springer- Verlag (2001 ). 

It is essential that the implant establish a sufficient stability and bond between implant 
and bone tissue to enable the above disclosed immediate or early loading of tlie implant. 

It shall also be noted that an immediate or early loading of the implant may be 
beneficial to bone formation. 

Some of the metals or alloys, such as titanium, zirconium, hafeium, tantalum, 
niobium, or alloys thereof, that are used for bone implants are capable of fonning a relatively 
strong bond with the bone tissue, a bond which may be as stmng as tlie bone tissue per se, 
sometimes even stronger. The most notable example of this kind of metallic implant material 
is titanium and alloys of titanium whose properties in this respect have been known since 
about 1950. This bond between the metal and the bone tissue has been termed 
"osseointegration" by Brflnemark et al. 

Although the bond between the metal, e.g. titanium, and the bone tissue may be 
comparatively strong, it is desirable to enhance this bond. 
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There are to date several metliods for treating metallic implants in order to obtain a 
better attachment of the implant, and thus improved osseointegratjon. Some of these involve 
altering the morphology of the implant, for example by creating relatively large irregularities 
on the implant siirface in order to increase the surface roughness in comparison to an 
5 untreated surface. An increased surface roughness gives a larger contact and attachment area 
between the implant and the bone tissue, whereby a better mechanical retention and strength 
may be obtained. A surface roughness may be provided by. for example, plasma spraying, 
blasting or etching. 

Rough etcliing of implant surfaces may be perfonned with reducing acids, such as 
10 hydrofluoric acid (HF) or mixtures of hydrochloric acid (HQ) and sulfuric acid (H2SO4). ITie 
aim of such a rough etching process is to obtain implant surfaces with rather large 
irregularities, such as pore diameters within the range of 2-10 fun and pore depths within the 
range of 1-5 ^m. 

Other methods for obtaining a better attachment of the implant to the bone tissue 
15 involve alteration of the chemical properties of the implant surface. For exaanple, one such 
method involves the application of a layer of ceramic material, such as hydroxyapatite, to the 
implant surface, inter alia in order to stimulate the regeneration of the bone tissue. Ceramic 
coatings, however, may be brittle and may flake or break off from the implant surface, which 
may in turn lead to an ultimate failure of the implant. 
2 0 Besides the above disclosed methods of implant surface modification, it shall be noted 

that in contact with oxygen, titanium, zirconium, hafiiium, tantalum, niobium and their alloys 
are instantaneously covered with a thin oxide layer. Hie oxide layers of titaniuni implants 
mainly consist of titanium(TV)dioxide (TiOj) with minor amounts of Ti.Oj and TiO. The 
titanium oxide generally has a tliickness of about 4-8 nm. However, titanium implants having 
2 5 an oxide layer thickness of up to about 20 ^tm may be produced using anodisation (anodic 
oxidation). As the titanium oxide layer tliickness mcreoscs, the porosity and surface rouglmess 
of the oxide layer increases. Furtheimore, the ciystallinity of the titanium oxide increases as 
the oxide layer thickness increases. Thus, an implant suriiice roughness may also be obtained 
by providing a tliicker oxide layer. 



-3- 



PA6E28l43'RCVDAT2/26l20074:34:20PMpstem Standard Time]*SVR:USPT0IFXRF#6'DNI^ 



FEB-26-2007 MON 04:33 PM BSKB FAX NO. 703 205 8050 P. 29 



Attorney Docket No. 0104-0497PUS1 



Our prior application WO 95/17217 describes a process wherein a metallic implant 
(blasted or non-blasted) is treated with an aqueous solution of hydrofluoric acid of 
concentration up to 3%, most preferably about 0.2%. for a treatment period of at least 10 
seconds, such as 10 seconds to 6 hours, preferably 30 s for 0.2% HF, at room temperature. 
5 According to WO 95/1 72 1 7, the implant surface morphology is unaffected by this treatment. 
i.e. no significant etching of the surface occurs. The implant is said to have an improved 
biocompatibility due to retaining of fluorine and/or fluoride on the implant surfaces. 

Summary of the Inventinn 
10 An object of the present invention is to provide an implant for implantation into bone 

tissue having an improved rate of attachment between the implant and the bone tissue such 
tliat the post-surgery healing period described above (either using a one- or two-stage 
procedure) is reduced and/or an immediate or early loading of the implant is enabled. 

Another object of the invention is to provide an implant foiming a mechanically 
15 stronger bond with bone tissue. Thus, an implant intended for implantation into bone tissue 
having an improved biocompatibility is to be provided. 

Still another object of the invention is to provide a method for treating an implant 
surface intended for implantation into bone tissue, such as an orthopaedic or dental implant 
surface, whereby an implant according to the invention is obtained. 
2 0 According to a first aspect of the invention, these and other objects arc achieved with a 

method for treating an implant surface intended for implantation into bone tissue, which 
comprises providing, on the implant surface, a microroughness comprising pores and peaks 
having a pore diameter of 5 1 ^ira, such as from 1 nm to 1 ^m. preferably witliin the range of 
50 nm to 1 |im, a pore depth of < 500 nm. such as from 1 nm to 500 nm, preferably within the 
2 5 range of from 50 to 500 nm, and a peak width, at Imlf the pore depth, of from 1 5 to 1 50% of 
the pore diameter. 

An embodiment of the method according to the invention comprises treating a metallic 
implant surface with an aqueous solution of hydrofluoric acid having a concentration of 
preferably less than 0.5 M, more preferably 0.1 M, resulting in etching, for an etching period 
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of preferabjy up to 180 sec. more preferably up to 60 sec, at room temperature (24 ± 1"»C). 
Thus, a microroughness as specified above is provided. 

It has been shown that surprisingly good biocompatibility results are obtained for an 
implant, implanted into bone tissue, having an implant surface comprising said fine 
5 microroughness as specitled above. Both an improved rate of attachment, and a stronger bond 
between the implant surface and tlie bone tissue are obtained. Thus, the fme microroughness 
improves the osseointegration process. 

According to a second aspect of the invention, said objects and other objects are 
achieved with an implant for implantation into bone tissue having an implant surface at least 
10 pan of which, such as 0.1-99.9 area%, has been treated with the method according to the 
invention as described herein above. 

According to a third aspect of the invention said objects and other objects are achieved 
with an implant for implantation into bone tissue having an implant surface, wherein at least a 
part of the implant surface, such 0.1-99.9 area%. comprises a raicrorougliness which 
15 comprises peaks and pores having a pore diameter of < 1 nm, such as from 1 ran to I ^m. 
preferably within the range of 50 nm to 1 |im, a pore depth of < 500 nm. such as from 1 nm to 
500 nm. preferably within the range of from 50 to 500 nm, and a pealc width, at half the pore 
depth, of from 15 to 150% of the pore diameter. 

Further scope of the applicability of the present invention will become apparent from 
2 0 the detailed description given hereinafter. However, it should be understood that the detaUed 
description and specific examples, while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various changes and modifications within the spirit 
and scope of the invention will become apparent to those skilled in the art from this detailed 
description. 
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Brief Description of the Prawings 

The present invention will become more fully understood from the detailed description 
given hereinbelow and the accompanying drawings which are given by way of illustration 
only, and thus are not limitative of the present invention, and wherein: 
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Figure 1 defines tl^o terras "pore diameter" (D), "pore depth" (h) and "peak width at 
half the pore depth" (x). 

Figure 2 shows SEM pictures of a coarse-blasted reference implant surface. 
Fig 3 shows SEM pictures of the herein described and analysed prior art implant 
surface according to WO 95/1 72 1 7. The implant surface is non-blasted. 

Fig 4 shows SEM pictures of an embodiment of the implant surface according to the 
present invention. The implant surface is non-blasted and has been treated according to 
method I (Example 1, non-blasted). 

Fig 5 shows SEM pictures of an embodiment of the implant surface according to the 
present invention. The implant surface has been coarse-blasted and treated acconiing to 
method I (Example 1, coarse-blasted). 

fig 6 shows SEM pictures of an embodiment of the implant surface according to the 
present invention. The implant surface is non-blasted and has been treated according to 
method n (Example 2, non-blasted). 

Fig 7 shows SEM pictures of an embodiment of the implant surface according to the 
present invention. The implant surface has been coarse-blasted and treated according to 
method 11 (Example 2, coarse-bkisted). 

Fig 8 illustrates the AFM profile of the surface shown in Fig 3 (prior art implant). 
Fig 9 illustrates the AFM profile of the surface shown in Fig 4 (Example 1, non- 
20 blasted). 

Fig 10 illustrates the AFM profile of the surface shown in Fig 6 (Example 2, non- 
blasted). 
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Detailed Description nf t he IPreferrcd Embodiments 

As used herein in connection with the invention the tenn "etchmg" refers to the 
process taking place during the treatment period during which (g) is generated at the 
implant surface. The etching period is measured from the formation of the first bubble of 
H2(g) at the implant surface. Etching in the context of the present invention relates to a very 
mild etching of an implant surface providing the desired microroughness described herein. 
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As used herein the term "microroughness" refers to a surface rougJmess comprising 
pores having a pore diameter equal to or less than 1 ^m and a pore depth equal to or less than 
1 fim. 

As used herein tlie term "macroroughness" refers to a surface rouglincss comprising 
surface irregularities having dimensions greater than 1 fim. 

As used herein the term "implant" includes within its scope any device intended to be 
implanted into the body of a vertebrate animal, in particular a mammal, such as a human. 
Implants may be used to replace anatomy and/or restore any function of the body. 

Generally, an implant is composed of one or several implant parts. For instance, a 
dental implant usually comprises a dental fixture coupled to secondary implant parts, such as 
an abutment and/or a restoration tooth. However, any device, such as a dental fixture, 
intended for implantation may alone be refeixed to as an implant even if other parts are to be 
connected thereto. 

As used herein the term "implant (intended) for implantation into bone tissue" refers 
to implants intended for at least partial implantation into boiic tissue, such as dental implants, 
orthopaedic implants, and the like. An implant for implantation into bone tissue may also be 
referred to as a bone tissue implant. 

As used herein the temi "implant surface" refers to at least one defined surface region 
of an implant. Thus, the defmed surface region may include tlie entire surface area of the 
2 0 implant or portions thereof 

An example of an implant surface intended for implantation into bone tissue is the 
surface of a dental fixture that is intended for implantation into the jawbone of a patient and to 
be in contact with bone tissue. 

Another example of an implant surface intended for implantation into bone tissue is 
the surface of a hip joint implant that is intended for implantation into tlie neck of the femur 
of a patient. 

The terms "pore diaiTieter" (D), "pore depth" (h) and "pe^tk width at half the pore 
depth" (X) are defined in Fig 1. These lerms a^ e used in the context of a micro-roughness. In 
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Fig 1, a microroughness is superiinposed on a macrorougliness. However, the same terms are 
used for a microrougliness provided on a surface lacking said macroroughiiess. 

The pore diameter (D) is the distance between the higliest points of two adjacent peaks 
as defined in Fig 1 . If there are several points at the same level tliat could be referred to as the 
5 highest, the point closest to the pore should be chosen. If the "peaks" are very broad (i.e. the 
surface might seem to lack well-defined peaks), the surface may be described as having an 
essentially flat surface profile in-between the pores (forming said microroughness), whicli are 
spread over the surface. In that case, the pore diameter is the distance between tliosc points 
where the surface profile start to deviate from the essentiaJly flat surface profile, thus forming 
10 said pore. This is in compliance with said definition shown in Fig 1 . 

The pore depth (h) is defined as the distance between an imaginary line drawn 
between the highest points of two adjacent peaks, and the bottom of the pore (at the lowest 
point) (see Fig 1). Tlie distance is measured in a direction perpendicular to the tangent of said 
lowest point of the pore. If tliere are several points at the lowest level, a mean value of the 
15 distances fliom these points to the imaginary line . is calculated as the pore depth. If no well- 
defined peaks are present, the imaginary line is drawn between those points where tlie surface 
profile start to deviate from an essentially flat surface profile, thus forming said pore. 
The peak width (x) at half the pore depth (h) is defined as shown in Fig 1 . 
The present invention relates to a method for treating an implant surface intended for 
2 0 implantation into bone tissue, which comprises providing a microroughness comprising pores 
and peaks having a pore diaineter of < 1 j.im, a pore depth of < 500 nm. and a peak width, at 
half the pore depth, of from 15 to 150% of the pore diameter. 

Thus, the peak width is preferably witliin the range of 7.5 nm to 1.5 \im. Even more 
preferably are peaks having a peak width, at half the pore depth, of from 30 to 150% of the 
2 5 pore diameter. Most preferably are peaks having a peak width, at half the pore depth, of from 
60 to 1 50% of the pore diameter 

This specific surface morphology gives a very resistant bone in-growth. With this 
specific morphology, newly formed bone, which grows into the surface irregularities of the 
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implant surface, does not easily fracture from the old bone. In addition, tlie peaks of the 
implant surface do not easily fracture from the implant. 

Furthennore, it shall be noted that only a part or parts of the implant surface may 
comprise the herein specified surface irregiUarities. which means that the pores and peaks 
may be grouped in several regions throughout the surface. Thus, the distances behveen pores 
and/or peaks may vary throughout the surface. Preferably. > 10 arBa% of the implant surface 
comprises said surface irregularities, more preferably > 40 area%. and still more preferably £ 
70 area%. Most preferably, the entire implant surface comprises said surface irregularities 
homogeneously distributed throughout the surface. 

A surface roughness is often evaluated using atomic for^e microscopy (AFM). From 
such a measurement a root-mean-squarc roughness (Rq and/or Sq) may be obtained. The root- 
mean-square roughness corresponds to the root-mcan-square deviation of the profile fiom the 
mean line over one sampling length. is the root-mean-square roughness measured in two 
dimensions and S, is the root-mean-square roughness measured in three dimensions. 

AFM is a very sensitive method of surface characterisation. However, the analysis 
must be carefuUy executed so that the microroughness is analysed and not the underlying 
surface structiure, such as a blasted or machined surface. 

The root-mean-square rouglmess may also be calculated based upon the surface 
morphology shown on SEM pictures of the implant surface or estimated from results obtained 
20 by any other method of surface characterisation. 

Thus, calculations using a pore diameter of < 1 ^m and a pore depth of ^ 500 nm 
gives a root-mean-square roughness (R<,) of < 250 nm based upon the definition of root-meaia- 
square roughness (R^ as know to persons skilled in the art. 

Tlie implant surface is preferably a metallic implant surface, such as a titanium 
25 implant surface. 

The metallic implant siu-face might be part of a metallic implant or it might be an 
applied metallic surface layer of a uon^metallic implant, such as a ceramic, a plastic or a 
composite material. Fuilhcmiore, the metallic implant surface might also be part of a partly 
metallic implant, whereby a partly metallic implanl surface is provided. 
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A microroughness as specified according to the invention may be provided using mild 
etching, micro fabrication, anodisation, flame spraying, electrochemical treatment, laser, 
spark erosion, or any other suitable method of surface modi fication. 

Preferably, the microroughness is provided by treating the metallic implant surface 
5 with an aqueous solution of hydrofluoric acid (HF). resulting in an etching process. 

The concentration of the hydrofluoric acid is preferably less than 0.5 M, more 
preferably D. 1 M. 

The metallic implant surface is preferably treated for an etching period of up to 180 
sec, more preferably up to 60 sec, at room temperature (24 ± 1 »C). Before the etching starts 
10 the natural oxide layer is removed by the acid and when the add gets in contact with the 
implant surface, the etching process starts and tlie above disclosed microroughness is 
provided by the etching process of the implant surface. 

The treatment with HF(aq) is preferably performed at room temperature, i.e. at about 
20-30°C (normal air pressure), preferably 24 ± I'C. If a higher temperature tlian 24 ± l-'C is 
15 used, the etching process will, as known to a person skilled in the art, be initiated earlier and 
the etching process will be more rapid, i.e. a shorter etching period than the period given 
herein for ctcliing at 24 ± I'C is needed to obtain the desired result. Hence, if a lower 
temperature than 24 ± PC is used, a longer etching period than the period given herein for 
etching at 24 ± 1°C is needed to obtain the desired result. 
20 The etcliing period, the temperature and the concentration of HF (aq) determines the 

ratio between etched areas, i.e. areas having a microrougliness, and non-etched areas. 

Preferably, the method further comprises providing a macroroughness on the implant 
surface prior to providing the microrougliness. Thus, an implant having a microroughness 
superimposed on the macroroughness is obtained. The macroroughness is preferably provided 
25 by blasting, more preferably blasting a titimium implant surface with titaniiun dioxide 
particles. 

A macroroughness may also be provided by any other suitable technique, such as 
etching, micro fabrication, anodisation, flame spraying, any electrochemical treatment, laser, 
spark erosion, machining, knurimg, or any other suitable method of surface modification. 
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Furthermore, it shall also be noted that tlie implant surface, with or without a 
macroroughness, maybe either unthreaded or threaded. 

Said metal He implant surface is preferably made of commercially pure titanium or an 
alloy of titanium, but it may also be ma4e of any other biocompatible metallic material, such 
5 as zirconium or an alloy thereof, hafnium or an alloy thereof, niobium or an alloy thereof 
tantalum or an alloy thereof, a chromium-vanadium alloy, or any combination of these 
materials. 

The implant for impL-uitation into bone tissue according to the invention is preferably a 
dental Implant or an orthopaedic implant. 
10 Tlie present invention also relates to an implant for implantation into bone tissue 

having an implant surface at least part of which has been treated with the method according to 
the invention as described herein above. 

Tlius, an implant for implantation into bone tissue having an implant surface with the 
above described characteristics also forms part of the present invention. 
15 Tlie invention wiU now be illustrated by means of the following non-limiting 

examples. 

EXAMPLES 

Sample preparation 

Surgical implants of coiiunercially pure (c.p.) titanium were used. 
2 0 Each implant was ultrasonically degreased in Ecosolv® (70-100% ethyl-2- 

hydroxypropionate) for 5 min, and thereafter in ethanol (70%) for 5 min. 

Some of the implants were tliereafter blasted with titanium dioxide particles. Two 
different particle size ranges of titanium dioxide were used; 6.8-90 jim (fine - F). and 106- 
1 80nm (coarse = C). However, coarser particles sizes, such as 180-300 urn, may also be used. 
2 5 The blasted implants were then ultrasonically rinsesd in deionised water for 2x5 min, 

and in ethanol for 2 x 5 min to remove any residual blasting particles. 

The implants were then hieated according to the following methods: 
aj Reference implants 
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Non-blasted and bJsisted {F and C) implants, cleaned in accordance with above, were 
provided as references for the studies as described hereinafter. 

b) Prior art method (according to WO 95/17217) 

Non-blasted and blasted implants (F and C). cleaiied in accordance with above, were 
inujiersed in 0.1 M HF (aq) at room temperature (about 24 ± TC) for 90 s. No HjCg) was 
formed during this treatment period, thus no etching occurred. 

The implants were thereafter immersed in deionised water for 20 s. and thereafter 

dried. 

c) Method I 

Non-blasted and blasted implants (F and C). cleaned in accordance with above were 
immersed in ethanol (99.5% for 2 s and in deionised water for 5 s. 

The implants were thereafter, according to the present invention, immersed in a stirred 
solution of 0.1 M HF (aq) at room temperature (about 24 ± l»C) for an etching period of 40 ± 
5 sec. About 80-90 area% of the surface was then etched, thus providing a microroughness. 
However, since the etching process was shown to be slower for non-blasted implants, these 
implants should preferably be etched for a longer time period, such as 60 ± 5 sec, than blasted 
implants to obtain a similar degi-ee of etching. The etching period was measured from the 
formation of the first bubble of H2(g) at the implant surface. The etching of the implant 
surface starts when the acid is in direct contact with the pure titanium, i.e. when die titaniu^n 
2 0 oxide covering the titanium surface is removed. 

The implants were thereafter immersed in stirred deionised water for 20 s. 
The implants were ultrasonically rinsed in ethanol (20%) for 3 rain, and in deionised 
water for 4 min. 

The implants were then rinsed in ethanol (99.5%) for 5 s, wiped, and dried. 
An implant treated in accordance with this method is referred to as Example 1 . 
d) Method U 

Non-blasted and blasted (F and C) implants, deaned in accordance witli above, were 
immersed in ethanol (99.5%) for 2 s ajid in deionised water for 5 s. 
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The implants were thereafter, according to present invention, immersed in O.l M 
HF (aq) at room temperature (about 24 ± 1°C) with stirring for an etching period of 40 ± 5 
sec. Due to reasons explained above, some of the non-blasted implants were etched for 60 ± 5 
sec (these samples were only used for the AFM measurement described hereinafter). The 
5 etching period was measured from the formation of tlie first bubble of H2(g) at the implant 
surface. 

The implants were then wiped and dried. 

An implant treated in accordance with this method is referred to as Example 2. 
In vivo evaluation 

1 0 Implant surfaces treated in accordance with the above methods were evaluated in vivo 

using the tensile test described in Biomaterials 23 (2002). pp 2201-2209. by H J. Ronald, and 
J E Ellingsen. 

The implants were in the fonn of coins having a diameter of 6.25 mm and a height of 
1.95 mm. One side of the implant coins were treated with said methods. In the centre of the 
X 5 other side of the coin, a threaded hole for attachment to a load cell was provided. 

New Zeeland white rabbits were used as test animals. Two guide holes were drilled in 
one of each rabbit's tibial bone using a I.O mm diameter twist drill (Medicon®, Gennany) 
using a drill guide to ensure a standardised and correct positioning. Cavities were then 
prepared for each implant coin using a custom made 7.05 ram diameter stainless steel bur 
20 mounted in a slow speed dental implant drill with copious physiological saUne solution 
irrigation. 

The treated and untreated implant surfaces, according to Tabic 1, were placed in the 
cavities and stabilised by a pre-shaped 0.2 mm titanium maxillofacial plate (Medicon* CMS, 
Germany), retained in the cortical bone by two 1.2 x 3 mm" titanium screws (MecUcon* CMS, 
25 Germany). This ensured a stable passive fixation of the implants during the healing period. 
Polytetrafluorethylene (PTFE) caps were introduced to resist bone growth towards the vertical 
faces of tlie implant as well as bone overgrowth. Tlie subcutaneous soft tissue and the 
superficial layers were repositioned and sutured. 
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The treated surface was in direct contact with the bone tissue, but the vertical sides 
and the reverse side of the coin were not in contact with bone tissue. 

The implant coins were then left for 7 weeks in test 1, and for 8 weeks in test 2. 

18 rabbits were used in test 1 , and 20 rabbits were used in test 2. 

At the end of said period, the rabbits were sacrificed, and the implant fixations and the 
PTFE caps were removed. The tibial bone was tlien fixed in a speciaUy designed rig to 
stabilise the bone during the test procedure. A threaded pin with a ball-head was attached to 
the implant coin by use of the pre-made tlireaded hole and the set-up was adjusted 
perpendicularly to the load cell using a level tube. Tensile tests were then performed using a 
Lloyds LRX Materials testing machine fitted with a calibrated load ceU of 100 N. Cross-head 
speed range was set to l.O mm/min. Load was applied until the implant detached from the 
bone and the force applied was recorded on a load versus displacement plot. The detachment 
of the implant coin was in this plot indicated as a well-defined breakpoint witli a vertical drop 
in load. The mean values of the forces needed to pull out the differently treated coins are 
given in Table 1. The recorded force gives a direct assessment of the strength of connection 
between the implant coin and the bone. The higher the recorded force, the stronger the 
connection. 

Tlie first test included a reference coin blasted with fine (F) titanium dioxide particles, 
and blasted CF) coins treated in accordance with method 1 and method 11 as outlined above. 

The second test included a reference coin blasted with fine (F) titanium dioxide 
particles, a reference coin blasted with coarse (C) titanium oxide particles, and blasted (C) 
coins treated in accordance with method I and method 11 as outlined above. 
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Table 1 





Reference 

implant 


Example 1 


Example 2 


Blasting particles 


F 


C 


P 1 


C 


F 


C 


Test 1; 

Recorded force fN] 


18.3 




29.0 




26.2 




Test 2: 

Recorded force fNl 


17.1 


32.2 




39.8 




38.2 



10 



15 



20 



As can be seen from Table 1, the implant coins treated in accordance with method 1 
and n gave an improved bone attachment as compared to the reference coins. 

Furthermore, it shall be noted that the coin implants blasted with coarse (C) titanium 
oxide particles gave a better bone attacliment than coin implants blasted with fine (F) titanium 
oxide particles. 

Surface characterisation 

The surface characteristics of implants treated in accordance with the methods 
disclosed above were evaluated using Atomic Force Microscopy (AF.M), and Scanning 
Electron Microscopy (SEM). 

AFM (AFM DualScope. DME AS, Denmark) was used to measure the moiphology of 
the implant surfaces. Two sizes of sample areas were measured. 5 x 5 ixm (256 points 
saniphng in x- and y-direction) and 10 x 10 ^ni (256 points smnpJing in and y-direction), 
respectively (see Fig 8-10). The z-scaling of the 3D-pictur^s (5 x 5 ^m) shown in Fig 8-10 has 
been increased four times. 

SEM (Philips XL-30 ESEM, Phihps, the Netlierlands) was used to visually study the 
surface morphology (see Fig 2-7). 

The surface characteristics for implants treated in accordance with the methods 
disclosed above were evaluated. Non-blasted implants and implants blasted with coarse (C) 
titanium dioxide particles were studied. 

The implant surfaces were studied by SEM and AFM. 
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SEM pictures of an untreated, coarse-blasted (C) reference implant surface are shown 
in Fig 2 (magnification x500, and xl 0 000). 

SEM pictures of the non-blasted implant surface treated according to the prior art 
method described above are shown in Fig 3 (magnification x2 500, and xlO 000). An AFM 
5 graph of this surface is shown in Fig 8. 

SEM pictures of the non-blasted and coarse-blasted (C) implant surfaces treated 
according to method I are shown in Fig 4 (magnificaHon x2 500. and xlO 000) and Fig 5 
(magnification x60 000 and x120 000), respectively. An AFM graph of the non-blasted 
surface shown in Fig 4 is shown in Fig 9. 

10 SEM picmres of the non-blasted and coarse-blasted (C) implant surfaces treated 

according to method U are shown in Fig 6 (magnification x2 500, and xlO 000)and Fig 7 
(maeiification xSOO, and xlO 000), respectively. An AFM graph of the non-blasted surface 
shown in Fig 6 is shown in Fig 10. 

The results indicated that both blasted and non-blasted implants treated according to 
15 method 1 and II had pores with a pore diameter of 100-600 nm, more specifically 
predominantly around 250-300 nm. a pore depth of 50-300 mn, more specifically 
predominantly around 60-150 nm. and apeak width, at half the pore depth, of 150-670 nm. 

The microroughness parameters obtained for the non-blasted surfaces using AFM are 
given in Table 2. Parameter values for two regions of the implant surface were recorded and 
2 0 tliese values are given in Table 2 
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Table 2 



10 





Reference 
implant 


Prior art 
implant 


Example 1 


Example 2 


Blasting 
particles 


no blast 


no blast 


no blast' 


no blast 




Measured area: 10 x 


10 mn 




Fiiml 


0.04 
0.04 


0.06 
0.05 


0.13 
0.08 


0.12 
0.10 


Sq [j-im] 


0.04 
0.05 


0.07 
0.07 


0.16 
0.10 


0.14 
0.12 


Sdr [%] 


1.1 
2.0 


1.9 
1.8 


49.3 
40.3 


20.0 
10.7 




Measured area: 5 x 5 urn 




Sa [jam] 


0.03 
0.04 


0.02 
0.04 


0.10 
0.07 


0.09 
0,09 




0.03 
0.04 


0.03 
0.05 


0.12 
0.08 


0.11 
0.11 


Sctr [%] 


1.5 

2.4 


1.2 
5.3 


46.8 
35.S 


19.7 
12.2 


Etdiing period: 40 ± 5 sec 
Etching period: 60 ± 5 sec 





As can be seen m Table 2. tl,e S„ and S, axe about 0.07-0.13 and 0.08-0.16 fim, 
respectively, for the impkuits of Example 1 and Example 2, which are embodiments of the 
present invention. 

Furthemiore, the surface developed ratio (S,.), i.e. the increase of surface area as 
compared to a smooth area, is increased for the implants of Example 1 and Example 2 in 
comparison to the reference and prior art implant. 

Moreover, it can be seen from Table 2 tlmt the surface morphology of the implant 
surface treated according to the prior art method is similar to the reference implant surface. 
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i.e. the surface is unaffected, which is also confined by the SEM pictures (Fig 3). The values 
obtained (shown in Table 2) are most likely due to machine traces. 

To improve the accuracy and to obtain higher resolution of the AKM measurement for 
blasted surfaces, the AFM scanner was placed in an vibration damping sample stage A 
blasted (C) surface treated according to method I was analysed with tin's modified instrument 
set-up. These values are given in Table 6. 



Table 3 



10 



15 



20 





Example 1 


Blasting particles 


C 


Measured area: 5 x 5 um 




0.19 




0.11 




0.22 




0.13 




26.89 




50.89 



As can be seen in Table 3, the S„ and S, are about 0.11-0.19 yim and 0.13-0.22 ^m. 
respectively, for the coarse-blasted implant of Example 1 . 

The SEM pictxires (see Fig 4-7) and the AFM results (see Fig 9 and Fig 1 0) show that 
the microroughness of blasted and non-blasted surfaces treated according to the method of the 
present invention, i.e. in this example method I and method II. are almost identical 
turthermore, h can be seen that the implant treated with the prior art method is unaffected, i.e. 
the surface is almost identical to the untreated reference imp iaot. 

The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spxrit and scope of 
the invention, and all such modifications ius would be obvious to one skilled in tlie art are 
intended to be included witliin the scope of the following claims. 
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